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Tuberkulosis tetap menjadi masalah utama kesehatan global dan menempati urutan kedua sebagai penyebab kematian utama dari penyakit menular di seluruh dunia. Setiap negara berusaha mengeluarkan anggaran yang berbeda untuk mengatasi masalah tuberkulosis. Tingkat efisiensi penggunaan anggaran akan mengurangi jumlah kasus tuberkulosis dan memberikan dampak yang baik bagi perekonomian. Tujuan penelitian ini adalah memperkirakan skor efisiensi teknis dana tuberkulosis di negaranegara yang memiliki beban tuberculosis tinggi dengan menggunakan metode Data Envelopment Analysis (DEA) dan menganalisis faktor lingkungan lain yang memainkan peran penting untuk meningkatkan skor efisiensi dengan menggunakan metode Tobit. DEA menunjukkan beberapa negara memiliki skor efisiensi yang tinggi dan beberapa negara memiliki skor rendah yang menunjukkan bagaimana negara tersebut menggunakan anggaran untuk mencapai output yang maksimum. Estimasi Tobit menunjukkan bahwa pajak rokok dan anggaran pengendalian tembakau memiliki efek marjinal yang positif terhadap skor efisiensi teknis.
A B S T R A C T
Tuberculosis remains a major global health problem and ranks as the second leading cause of death from infectious disease worldwide. Countries devote their budgets to overcome the tuberculosis problem. An efficient use of these budgets will arguably reduce the number of tuberculosis cases and eventually give a positive impact to the economy. This paper aims it aims to estimate the technical efficiency scores of tuberculosis funds on high-burden countries by using Data Envelopment Analysis (DEA) method. Further, this study analyzes other environmental factors that are crucial to increase the efficiency scores by using Tobit method. DEA shows that some countries exhibit high efficiency scores while others exhibit low efficiency scores. It also informs how countries use funds to maximize their results. Meanwhile, the Tobit estimation shows that taxing cigarettes and committing budgets to control tobaccos have positive marginal effects on technical efficiency scores.
INTRODUCTION
TB (tuberculosis) now ranks alongside HIV (Human Immunodeficiency Virus) infection as a leading cause of death worldwide. Global TB Report reported that in 2014, TB killed 1.5 million people; among them, 0.4 million are HIV positive. TB related mortality reached 890,000 men, 480,000 women, and 140,000 children. WHO (World Health Organization) also estimates that there are 9.6 million people suffered from TB in 2014 consisting of 5.4 million men, 3.2 million women, and 1.0 million children. Mortality causes great economic burdens due to large productivity loss (Hanly, Soerjomataram, & Sharp, 2015) .
Most developing countries face significant health problems because of the high burdens of communicable diseases like malaria, tuberculosis, and HIV/AIDS (World Bank, 2006) . TB is a contagious disease that becomes a major global health problem. Infectious diseases like TB cause significant economic losses (Fonkwo, 2008) . The WHO reports that Afghanistan, Bangladesh, Brazil, Cambodia, China, DR Congo, Ethiopia, India, Indonesia, Kenya, Mozambique, Myanmar, Nigeria, Pakistan, Philippines, Thailand, Tanzania, Viet-Nam, and Zimbabwe were countries with the highest TB burden globally (WHO, 2015) . Table 1 shows the number of TB-related incidence and mortality. In 2017, India had the highest number of TB incidence in the world with 2.7 million people, followed by China with 0.889 million people and Indonesia with 0.842 million people. Meanwhile, the lowest number of TB incidence among high TB-burden countries was Congo with 20.000 people.
Indonesia had the third highest TB-related mortality after India and Nigeria. High TB mortality rates in India, Nigeria, and Indonesia created significant burdens on respective countries. The previous study also reports that the average cost per TB death was about $ 66.872 in the Africa region (Kirigia & Muthuri, 2016) .
Governments need fundings for preventing, diagnosing, and treating TB to overcome the problem. Optimal prevention policies will reduce TB incidences. Further, comprehensive diagnosis, effective treatment, and increased budgetary outlay result in significant improvements in TB cure rates (Khatri, 1996) . The rapid growth of health expenditure has become a great concern for the governments, but health expenditure does not grow faster than GDP (Xu, Saksena, & Holly, 2011) . Weak and underfinanced health systems create a heavier burden on health. In the case of TB, the low health government budgets imply that external donors must bear the lion share of the treatment costs (World Bank, 2006) . & 2018 (WHO, 2017 , 2018 Figure 1 shows that most of TB high burden countries use more international funding than local funding, with the exception for Brazil, China, Congo, India, and Indonesia. The amount of domestic and international funding will affect the flexibility of the governments to run a variety of TB related policies. WHO reports that, globally, as high as US$ 4.8 billion is needed to overcome TB. However, in Nigeria, the previous study shows that government spending on health has been mostly inefficient (Olanubi & Osode, 2017) .
Given the limited resources and a large financial needs to overcome TB, efficiency in using available resources is crucial. This study aims to analyze the efficiency in using TB related funds. In particular, this study answers the following research questions. First, what are the technical efficiency scores of TB funds in high burden countries? Second, what are the other environmental factors that play an essential role to increase efficiency scores? This research can be a recommendation for high burden countries to increase the TB budget and manage efficiently. Efficient uses of funds will potentially reduce the number of incidence and mortality caused by TB.
LITERATURE REVIEW Tuberculosis
Tuberculosis is an infectious disease caused by a stem-shaped bacteria (bacillus) known as Mycobacterium Tuberculosis (Manalu, 2010) . Tuberculosis is recognized as one of the most ancient diseases of humankind and co-evolved for many thousands of years with human (Hirsh, Tsolaki, DeRiemer, Feldman, & Small, 2004) . In spite of newer modalities for diagnosis and treatment of TB, unfortunately, millions of people are still suffering and dying from this disease and TB becomes one of the top three infectious killing diseases in the world (Sandhu, 2011) . The incidence of Tuberculosis is caused by many factors such as individual characteristics, socioeconomy, bad residential environment, and low quality of health care facilities (Ristyo, Iman Ali, & Nahariani, 2013) . Rapid and appropriate treatment in patients with tuberculosis will affect the healing rate of tuberculosis patients. Tuberculosis overcoming becomes difficult because there are many challenges for diagnostic and treatment mostly in high burden countries. Many studies report barriers to overcome tuberculosis like financial barriers, physical barriers, health literacy, and provider barriers (Yang et al., 2014) . Even gender-based analysis shows that men and women face different barriers when accessing TB diagnostic and treatment service (Hudelson, 1996) . With all the obstacles that exist, the government must implement the best strategies to overcome tuberculosis.
The Economic Impact of Tuberculosis
Tuberculosis will automatically affect the economy in high burden countries. Many countries with high burden countries have spent many budgets to overcome tuberculosis (WHO, 2015) . Tuberculosis will decrease productivity and create deaths. For example, 0.753 million tuberculosis deaths that occurred in the African Region in 2014 would be expected to reduce the future non-health GDP by International Dollars 50.4 billion (Kirigia & Muthuri, 2016) . Previous studies also calculate the cost of tuberculosis. The mean cost of managing TB in Russia over 12 months was about US$ 572 per cases (Atun et al., 2006) . Meanwhile, the cost in Denmark is higher with direct cost per TB patient was about €10.509 (Fløe et al., 2015) . High costs are also borne by immigrant patients in the Netherlands. It is estimated that the direct and indirect costs per TB patient are about €2.956 (Kik et al., 2009 ). Compared to some countries in Asia, the study also shows that total socio-economic cost of tuberculosis in India is about US$171 per patient (Rajeswari et al., 1999) and in Malaysia US$ 727.25 per patient (Atif, Sulaiman, Shafie, Asif, & Babar, 2014) . All the previous studies show that tuberculosis creates adverse impacts on the economy.
Tuberculosis Funding
Tuberculosis financing can come from government or international funding such as The Global Fund. Besides giving funds to fight AIDS and Malaria, The Global Fund also provides significant funding to fight Tuberculosis (Bridge et al., 2016) .
Founded in 2012, The Global Fund is a partnership between governments, civil societies, private sectors, and affected populations and become a leading international donor for harm reduction services (Bridge, Hunter, Atun, & Lazarus, 2012) . From The Global Fund grants database, there was $21.7 billion that was invested in 150 countries by the end of 2010 (Lee, Lal, Komatsu, Zumla, & Atun, 2012) . Besides The Global Fund, some countries also can borrow funds from the IMF. The International Monetary Fund (IMF) as an international organization provides fund for financially ailing countries, including capital for health program (Stuckler, King, & Basu, 2008) . TB Program fundings support for staff, drug-susceptible TB drugs, laboratories, patient support, community engagement, public-private mix surveys, and operational research (WHO, 2015) .
Funds Efficiency
Funds Efficiency for tuberculosis deals with how governments use both types of existing budgets, which come from local and international budgets. Tuberculosis is the part of health expenditure, and health expenditure is part of government expenditure. Some previous studies that focus on the efficiency are Balaguer Afonso & Fernandes (2008); and Sihaloho (2018) . These studies use Data Envelopment Analysis (DEA) to calculate the efficiency score of the government expenditure that can be implemented to calculate the efficiency score of tuberculosis expenditure. Simply increasing public expenditure in the health sector does not significantly affect health outcomes, thus indicating the low efficiency of health spending (Grigoli & Kapsoli, 2018) . In a similar vein, when increased TB funds do not significantly reduce TB cases, this implies the low efficiency of TB spending. The efficiency of various expenditures is labeled as technical efficiency (Esanov, 2009) .
Cigarette Tax and Tobacco Control Funds
Many factors cause tuberculosis infection. Latent Tuberculosis Infection (LTBI) is defined as the presence of Mycobacterium tuberculosis protein that is difficult to detect because of the absence of the clinical symptoms of active diseases. LTBI will potentially become TB disease depending on high-risk groups and other factors (Feng et al., 2014) . Feng et al. (2014) find that cigarette smoking is a risk factor that is associated with a higher prevalence of LTBI. Cigarette smoke has a negative impact on respiratory immune function and is associated with increased respiratory infections, including Tuberculosis (Garmendia, Morey, & Bengoechea, 2012) . Hence, governments must control cigarette consumption, such as by implementing a high cigarette tax and raising tobacco control funds. Increasing cigarette tax likely reduces cigarette consumption (Showalter, 1998) . Besides levying cigarette tax, numerous countries have started to control tobacco consumption in cooperation with scholars and activists (Hoang et al., 2016) . Higher tobacco control funds facilitate governments to launch innovative programs to control tobacco/ cigarette consumption. An example of tobacco control programs is the prohibition of cigarette advertisements and promotion. Another study also finds that smoke-free air regulation as a tobacco control policy strongly affects adults' smoking behavior (Mader, Lapin, Cameron, Carr, & Morley, 2016) .
RESEARCH METHODS
Data Description
This study uses secondary data from the Global TB Report 2009-2018. This research focuses on measuring the TB funds efficiency and analyzes the environmental factors that can increase technical efficiency scores in 19 TB high burden countries. This study uses the period of 2011-2017. Ideally, the inputs are all the resources used by the health system to increase the health status of the population (Behr & Theune, 2017) . Cetin and Bache (2016); Behr and Theune (2017); Sun, Ahn, Lievens, and Zeng (2017); Ibrahim and Daneshvar (2018) use kind of health budget as input for DEA measurement (Behr & Theune, 2017; Cetin & Bahce, 2016; Ibrahim & Daneshvar, 2018; Sun, Ahn, Lievens, & Zeng, 2017) . Based on previous studies, this study uses the following health budget as inputs: domestic fundings and international fundings. Whereas the outputs are the total value of health goods and services produced (Behr & Theune, 2017) . Asandului, Roman and Fatulescu (2014) ; Behr and Thune (2017) use life measurement as output (Asandului, Roman, & Fatulescu, 2014; Behr & Theune, 2017) . WHO has a target to decrease the incidence number and the death number of Tuberculosis (WHO, 2018) .
This study uses the following health budget as outputs: the number of decreased TB deaths, the number of reduced TB incidences, and the number of new SMEAR laboratory. This study use a Tobit analysis to identify some factors that affect efficiency. Kolappan and Gopi (2002 (Basu, Stuckler, Bitton, & Glantz, 2011; Hassmiller, 2006; Kolappan & Gopi, 2002; Leung et al., 2010; Lin, Murray, Cohen, Colijn, & Ezzati, 2008) . Showalter (1998) report that more tax of cigarette will decrease cigarette consumption and Mader et al. (2016) report tobacco control has a strong influence on cigarette consumption (Mader et al., 2016; Showalter, 1998) . This study aims to estimate tax of cigarette and budget of tobacco control as environmental factors that can affect the efficiency scores.
Data Envelopment Analysis (DEA)
DEA evaluates the performance of a set of peer entities that converts multiple inputs into multiple outputs called Decision Making Units (DMUs). The definition of DMU is generic and flexible to evaluate the performance of many different types of entities in many countries (Cooper, Seiford, & Zhu, 2011) . Data Envelopment analysis evaluates the performance and produces a relative efficiency score. This study uses STATA 12 to calculate the DEA process: Source: Banker, Charnes, and Cooper (1984) The DEA process shows that θ is the efficiency score with value 0< θ <1. Xi0 and Yr0 are the i th input and r th output for DMU and j = 1, 2…n represents the number of DMUs (Chan & Karim, 2012) . For data processing, the selected countries classified as DMU. The DEA measures the relative efficiency score by comparing the multiple inputs and multiple outputs for each DMU. Table 2 shows the selected countries as DMU. 
Tobit Analysis
"Tobit analysis, a model which assumed that the dependent variable has a number of its values clustered at a limiting value" (McDonald & Moffitt, 1980) . We use zero value (discrete) and continuous data to analyze Tobit regression. Tobit estimation evaluates the importance of environmental or non-discretionary inputs to the output efficiency scores on a set of possible explanatory variables" (Afonso & Fernandes, 2008) The model shows that θ is the efficiency score of tuberculosis funds on high burden countries with range 0 and 1. Tax_Cig is the cigarette tax applied by the governments. Tob_Con_Bud is the budget of tobacco control spent by the governments in each country. Table 3 show that the efficiency score of TB high burden countries in using their fund did not always increase from 2011 to 2017. DEA compared the input and output of all TB high burden countries per year. DEA generates annual efficiency score for each country. In 2011, there were six countries with an efficiency score of 1, and the number increased to seven countries in 2017. The efficiency score of one means that the use of domestic and international funding is optimum to reduce the number of TB-related incidence/death in that country. 
ANALYSIS AND DISCUSSION
DEA
DEA results in
Tobit
The Tobit estimation results show the influence of environmental factors as measured by the marginal effects on funds efficiency score of TB high burden countries. Many countries aim to reduce the number of smokers by increasing cigarette tax and establishing tobacco control frameworks. The taxation of tobacco products is always an important element of government policies toward smoking (Zimring & Nelson, 2012) . The optimal framework of tobacco control will protect present and future generations from health problems, and other adverse social, environmental and economic consequences of tobacco consumption. The declining tobacco consumption will eventually decrease cigarette consumption. Table 4 shows that the cigarettes tax has a positive marginal effect of about 0.005 but not significant. The figure indicates low cigarette taxes in high TB burden countries. Low cigarette taxes only slightly increase cigarette prices and have no significant effect on the consumption of cigarettes. Previous studies show the negative association between cigarette taxes and smoking intensity although the effect is small and not usually statistically significant (e.g., Callison & Kaestner, 2014 ). The table also shows that tobacco control budget also has a positive marginal effect and significant at 0.000. Most of TB burden countries have a small amount of tobacco control budgets. Tobacco control has been one of the most successful public health endeavors in the past half of the century (Warner, Sexton, Gillespie, Levy, & Chaloupka, 2014) . The Tobit regression can be a reference for TB high burden countries to increase tobacco control budgets. Higher funds will make it easier to implement tobacco control frameworks. A significant cigarette tax will also increase cigarette prices and eventually reduce cigarette consumptions (Callison & Kaestner, 2014) .
CONCLUSION, LIMITATION, AND SUGGESTION
DEA process shows that there were countries that have not optimally used the existing budgets to resolve the TB problem, as indicated by the low efficiency score. These conditions were mostly caused by a small allocation from the local government. Most of the high burden countries received more fundings from the international source, and our DEA analysis suggests that large international fundings likely leads to lower efficiency score. The inconsistent number of international funding and low local budgets create a funding gap between the expected budgets and the actual budgets. Funding gap decreases the quality of TB prevention program, diagnosis programs, and treatment programs. It delays governments' efforts in reducing the number of TBrelated incidence and mortality. On the contrary, there is a positive relationship between the efficiency score and total domestic fundings. Therefore, governments need to allocate more domestic budgets and do not depend on international fundings. Further, our Tobit analysis shows that the marginal effects of cigarette taxes and tobacco control budgets. These results indicate that governments in TB high-burden countries have to increase cigarette taxes significantly to make cigarette prices very expensive and reduce consumption. Governments also need to increase the number of tobacco control budgets to ensure that the planned framework is implemented. In short, higher cigarette taxes and more tobacco control budgets will reduce cigarette consumption and eventually reduce TB cases.
This study is subject to the following limitations. Due to data limitation for our DEA and Tobit analysis, we only use a limited set of variables in this paper. Previous DEA studies usually use the number of health workers and health facilities as inputs because these inputs affect the efficiency value. This study also only uses a reduction in mortality as one of the outputs of DEA. We advise further studies to use the cure rates from TB as the outputs because the declining mortality rate does not fully represent the cure rate for TB. Many tuberculosis patients may not have died, but they may not fully recover as well. Previous papers report that the number of HIV-AIDS cases correlates with the number of TB cases. For the Tobit analysis, it is suggested future studies to use the number of HIV-AIDS cases as the variable. It is also better to use the poverty rate and education indicators as environmental factors.
